ABSTRACT Sampling studies were conducted on grass thrips, Anaphothrips obscurus (Mü ller) (Thysanoptera: Thripidae), in timothy, Phleum pratense L. These studies were used to compare the occurrence of brachypterous and macropterous thrips across sampling methods, seasons, and time of day. Information about the population dynamics of this thrips was also revealed. Three absolute and two relative methods were tested at three different dates within a season and three different daily times during four harvest periods. Thrips were counted and different phenotypes were recorded from one of the absolute methods. Absolute methods were the most similar to one another over time of day and within seasonal dates. Relative methods varied in assessing thrips population dynamics over time of day and within seasonal dates. Based on thrips collected from the plant and sticky card counts, macropterous individuals increased in the spring and summer. Thrips aerially dispersed in the summer. An absolute method, the beat cup method (rapping timothy inside a plastic cup), was among the least variable sampling methods and was faster than direct observations. These Þndings parallel other studies, documenting the commonality of diel and diurnal effects on sampled arthropod abundance and the seasonal effects on population abundance and structure. These studies also demonstrate that estimated population abundance can be markedly affected by temporal patterns as well as shifting adult phenotypes.
Sampling methods for thrips vary from visual observation to methods such as plant washing, the beat bucket/cup, plant vacuuming, sweep netting, and use of sticky cards (Joost and Riley 2004 , MacIntyre-Allen 2005 , Parajulee et al. 2006 . There are many studies comparing the usefulness of sampling methods for a thrips given cropping system (e.g., Joost and Riley 2004 , Parajulee et al. 2006 , Natwick et al. 2007 , and most of these compare sampling methods over a range of dates. However, very few of these studies compare sampling methods over time of day and a range of dates, or growing season. Thrips are cryptic, vagile, and small (Reitz 2009 ). It is possible that the wide range of sampling methods recommended for thrips pests across various cropping systems reßects an adaptation to plant architecture and movement in, and among, the crop. As a result, knowledge of thrips biology and the cropping system should be used for implementation of an effective sampling plan.
The focal organism in this study was the thelytokous thrips Anaphothrips obscurus Mü ller, which is a pest of timothy (Phleum pratense L.) in the Western United States (Reisig et al. 2009a) ; it has a brachypterous (reduced-wing) and a macropterous (winged) phenotype (Kamm 1972 , Reisig et al. 2010 . Other thrips also have these phenotypes, and the ratio of brachypterous individuals to macropterous individuals changes across seasons. For instance, in the southern United States, brachypterous Frankliniella fusca Hinds are more abundant in the fall and winter, whereas macropterous F. fusca are more abundant in the spring and summer (Burns 1951 , Chamberlin et al. 1992 , Wells et al. 2002 . This trend has been observed across the Thripidae (Nakao 1993) , and has also been observed in at least three thelytokous populations of thrips inhabiting northern temperate regions, in Japan with Thrips nigropilosus Uzel (Nakao 1993 (Nakao , 1996 , and with A. obscurus in both the eastern and western United States (Hinds 1900 , Kamm 1972 ) and in Finland (Kö ppä 1970) . Phenotypic wing morph change for T. nigropilosus is partly dependent on temperature change, but is mostly the result of photoperiod shift, with long-day photoperiods inducing production of more macropterous progeny (Nakao 1993 (Nakao , 1996 . Plant host quality can affect wing form of this thrips species (Reisig et al. 2010 ). However, both Kö ppä (1970) and Kamm (1972) found that photoperiod was the most important cue for change in wing phenotype in this species. Kamm (1972) suggested that macropterous phenotypes were more prevalent in the spring and summer, but did not present data supporting this assertion. Finally, A. obscurus individuals collected in the spring produced more macropterous progeny when exposed to long, rather than short days.
There are no published sampling guidelines for this thrips in timothy. These studies were designed to compare various sampling methods against each other and across sampling season and time of day. Some sampling methods were predicted to capture certain phenotypes more than others, based on the hypothesis that season affects thrips distribution and dispersal. For example, brachypterous insects are deÞned by their reduced, nonfunctional wings (Roff and Fairbain 2007) . Because sticky cards are often suspended above the crop canopy, these might be more likely to capture ßying macropterous thrips, rather than crawling macropterous, brachypterous, or larval thrips. Furthermore, most thrips are trapped on sticky cards at, or just below, 1 m above bare ground (MacIntyre-Allen et al. 2005, Ben-Yakir and Chen 2008) . Hence, basic knowledge of the phenological changes of A. obscurus during the season could aid in selection of an appropriate sampling method. Furthermore, this could explain change in the relative efÞciency of different sampling methods over time and better characterize the utility of certain sampling methods.
Sampling methods can be divided into those that sample on a per-unit area basis (absolute estimates) and those that do not (relative estimates), although most methods fall in a range between these extremes (Southwood 1978) . Both sweep net sampling and sticky cards are methods that measure relative, rather than absolute abundance (Rhainds and Shipp 2003, Studebaker et al. 1991) . Sweep netting is the recommended sampling method for the Egyptian alfalfa weevil (Hypera brunneipennis Boheman) in alfalfa (Summers 2006) , and timothy is a forage crop, with a similar growth and cultivation pattern to alfalfa. As a result, sweep netting was explored as a monitoring option. Sticky cards are commonly used to monitor western ßower thrips (Frankliniella occidentalis Pergande) populations (Rhainds and Shipp 2003, Yudin et al. 1987) , and these thrips do not ßy when wind exceeds 9 km/h (Lewis 1997) . Sticky cards could potentially be used to monitor A. obscurus population dispersal in timothy, as shown with thrips in other systems (Agrawal and Colfer 2000 , Kumar et al. 1995 , Robb 1989 , Shibao et al. 1993 . In addition, the authors have observed that thrips on sticky cards timothy are macropterous; it was, therefore, assumed that the cards could be used as an indicator of thrips dispersal.
Because integrated pest management should be based on accurate and precise estimates of pest densities, the objective was to compare sampling methods by testing several absolute and relative methods for accuracy and consistency over time. The sampling universe was restricted to timothy Þelds and did not directly address issues involving sample size, number, or collection pattern. Precision was evaluated with regard to sampling technique and thrips dispersion in timothy in a separate study (Reisig 2009 ), which, combined with this study, will establish a standard sampling regime that is economically and practically feasible. Finally, these studies were designed to enhance understanding of some temporal and seasonal thrips population dynamics in timothy by observing densities of macropterous, brachypterous, and larval thrips recovered from timothy leaves over time and using sticky cards as an indicator of thrips dispersal.
Materials and Methods
Focal Species Identification. Fifty individual tillers were collected weekly from a Ϸ2-ha timothy, P. pratense L., Þeld located in the Fall River Valley, near Fall River Mills, in Shasta County, California. In 2006, sample collection commenced 12 July, and ceased for the harvest on 6 September. In 2007, sample collection commenced 13 April, ceased for the Þrst harvest on 8 June, commenced 13 July, and ceased for the second harvest on 7 September. Finally, in 2008, sample collection commenced 10 April, and ceased for the harvest on 5 June. Tillers were placed in a plastic bag and transferred to a cooler. Each tiller was inspected in the laboratory, and adult thrips were transferred to alcohol and later slide mounted for species identiÞcation. Voucher specimens were deposited in the Bohart Museum of Entomology (University of California, Davis, CA).
Sampling Method Comparison. Five sampling methods were tested in six locations (replications) within the previously described Þeld. There are typically two harvests of timothy per year in this area, one in mid to late June and one in mid September, and sampling was replicated over three dates before each harvest (three dates within a season). This Þeld was planted in 2000 into the variety Timfor. Management of the Þeld was similar to most timothy Þelds in the Fall River Valley, which included regular summer irrigation, but no chemical management actions were taken against arthropod pest species.
Methods were tested during the period before the Þrst yearly harvest on 13 April, 11 May, and 8 June 2007 (three seasonal dates), and on 10 April, 8 May, and 5 June 2008 (three seasonal dates). Methods were also tested before the second yearly harvest on 12 July, 9 August, and 6 September 2006 (three seasonal dates), and on 13 July, 10 August, and 7 September 2007 (three seasonal dates). The methods used were direct observation, beat cup, tiller washing, sweep net, and sticky card; these were tested at 08:00, 12:00, and 16:00 h. These hours were chosen to correspond with hours in which a Þeld would typically be sampled by a scout or grower. They were also chosen because these usually corresponded with hours of daylight. Among sampling methods, there is a continuum of accuracy and precision from absolute to relative estimates of pest density. Because they sampled insects on a per-unit area basis, direct observation, beat cup, and tiller washing methods were considered absolute sampling methods. The sweep net and sticky card methods could not be calculated accurately on a per unit area basis and were considered relative methods (Pedigo 1994) . All Þve methods were completed as a unit at each of the six locations until all six locations had been sampled; all locations were sampled within 2 h of sampling initiation. For the absolute methods, tillers were pulled from a random location within a 10-m radius of the sampling location. Tillers were collected by carefully grasping the corm and gently pulling the tiller from the ground to avoid dislodging organisms, rather than by visual tiller selection and collection. Ten tillers were sampled as replicates in each of the six locations using the direct observations, beat cup, and tiller washing techniques.
For direct observation, the leaf blade on individual tillers was inspected, and the ligule of each leaf was detached from the stem to reveal thrips that may have been concealed. Many tillers had dead leaves on the lower portion, where almost no thrips were present. As a result, thrips were only counted on leaves that were Ͼ50% green. For the beat cup method, an individual tiller was rapped 10 times on the inside of a 9.5 ϫ 11-cm type 2 high density polyethylene cup. When tillers were larger than the cup height, they were folded at the stem to Þt within the cup. Time required to complete both direct observations and the beat cup method was measured in spring 2008, because growers in the Fall River Valley prefer these sampling methods. Ten tillers per sampling event were placed in plastic bags and transported in a cooler to Davis, CA, where they were stored for 1Ð3 d at 4ЊC before processing. Thrips were washed from the plant according to the procedure described by Reisig et al. (2009a) and stored in alcohol. Arthropods from the washings were viewed under a stereoscope. Thrips from the washings were quantiÞed and separated into either of two adult phenotypes, macropterous or brachypterous, and larvae. For the sweep net method, a 25-sweep sample, consisting of 180Њ sweeps from a 38.1-cm-diameter net, was taken at each of the six locations. Samples were transferred to a 9.5 ϫ 11-cm polyethylene cup (Thermo Fisher, Waltham, MA) Þlled with alcohol for later quantiÞcation under a stereoscope. Finally, a single yellow (10 ϫ 18-cm) sticky card (Yellow Sticky Thrip Leafminer Trap, Seabright Laboratories, Emeryville, CA) was placed, at 10 cm above the canopy, in each of the six locations after the sweeping was completed. Cards were in place for Ϸ2Ð 4 h. All sampling events included cards that were in place for almost 4 h and some that were in place for just Ͼ2 h. These sticky card data were not only used as a comparison with other sampling methods, but were used to measure the number of macropterous thrips dispersing within the Þeld.
The sample area was conÞned to a Ϸ7-m line from the sticky card for direct observations, the beat cup, and tiller wash collections. Sweep net samples were taken directly adjacent to the sample location from the other four sampling methods to avoid disruption of thrips populations. Sweep net samples were conÞned to a Ϸ40-m 2 area for each sampling location.
To analyze the different sampling methods, a mixed model analysis (analysis of variance; P Ͻ 0.05; PROC MIXED; SAS Institute 2008) was used, with Þxed effects speciÞed as method, season, time of day, random effects speciÞed as location, and repeated effects speciÞed as method and time of day across seasonal date ϫ location. The correlation structure was speciÞed as unstructured among methods and compound symmetry between times of day. To analyze the population structure, a similar mixed models analysis was used for the thrips forms obtained from the tiller washing and the Þxed effect of method was replaced with thrips form. Finally, the time required to complete direct observations and the beat cup method was analyzed using the same mixed model analysis. Heteroscedacity and normality were controlled using a logarithmic (ln ) (Zarr 2009 ). Denominator degrees of freedom were calculated following the methods of Kenward and Roger (1997) , and TukeyÕs honestly signiÞcant difference test was used for mean separation and a P value below 0.05 was assumed to represent a rejection of the null hypothesis that sampling methods were equally consistent over time of day and season. Reported contrasts in "Results" represent signiÞcant contrasts by TukeyÕs honestly signiÞcant difference test. Sampling Method Comparison. Spring 2008 direct observations took an average of 8 min to complete, whereas the beat cup method took an average of 4 min and 43 s to complete (F ϭ 274.73; df ϭ 1, 14.5; P Ͻ 0.0001). Furthermore, thrips abundance recorded from each sampling method across seasonal date and time of day was different in summer 2006 (three-way interaction, F ϭ 49.84; df ϭ 16, 58.2; P Ͻ 0.0001) and spring 2007 (three-way interaction, F ϭ 8.14; df ϭ 16, 62.2; P Ͻ 0.0001) and 2008 (three-way interaction, F ϭ 2.37; df ϭ 16, 63; P Ͻ 0.001). In summer 2007, thrips abundance recorded from each sampling method was different across seasonal date (two-way interaction, F ϭ 8.14; df ϭ 8, 32.1; P Ͻ 0.0001) and time of day (two-way interaction, F ϭ 15.24; df ϭ 8, 48.2; P Ͻ 0.0001).
Results

Focal
Among absolute sampling methods (direct observation, beat cup, and tiller washes), the most thrips per tiller were recorded using direct observations. Recorded thrips abundance was not signiÞcantly different within individual absolute sampling methods across dates within a season (Figs. 1 and 2 ). Recorded thrips abundance was not signiÞcantly different within individual absolute sampling methods when sampling was done at different times of the day and at different dates within a season (Figs. 1Ð3) , with one exception. On 13 April 2007 at 8:00, fewer thrips were recovered with the beat cup method than with the same method at 12:00 and 16:00 (P Ͻ 0.01). Thrips abundance was not statistically different among the different absolute sampling methods across sampling dates within a season (Figs. 1Ð3) .
In contrast, thrips abundance recorded from the two relative sampling methods (sweep net and sticky card) was not statistically related, and it varied numerically across time of day and the dates within seasons. Furthermore, thrips densities measured by the two relative methods were signiÞcantly different from one another when sampling was done at different times of the day and at different dates within a season. Thrips densities measured using both relative methods were signiÞcantly different from those measured by the three absolute methods (Figs. 1Ð3) .
Population Structure
Overall Thrips Form Abundance. The thrips form abundance (number of larvae, brachypterous, and macropterous thrips) was signiÞcantly different across seasonal date and time of day in summer 2006 (threeway interaction, F ϭ 2.10; df ϭ 8, 130; P Ͻ 0.05; Fig. 4) . In spring 2007, the thrips form abundance was significantly different across seasonal date (two-way interaction, F ϭ 17.71; df ϭ 4, 130; P Ͻ 0.0001) and sampling time (two-way interaction, F ϭ 8.13; df ϭ 4, 130; P Ͻ 0.0001; Fig. 5 ). Finally, the thrips form abundance was signiÞcantly different across seasonal date in both summer 2007 (two-way interaction, F ϭ 22.76; df ϭ 4, Seasonal Changes of Thrips Form Abundance. In summer 2006, the number of macropterous thrips recovered at 12:00 decreased signiÞcantly from 12 July to 6 September (P ϭ 0.0247) and at 8:00 from 12 July to 9 August (P ϭ 0.0023; Fig. 4 ). Similar trends were observed in summer 2007 (Fig. 5) ; the number of macropterous thrips recovered signiÞcantly decreased from 13 July to 10 August (P Ͻ 0.01), but were not signiÞcantly different from 10 August to 7 September. In contrast, in spring 2007, the number of macropterous thrips was signiÞcantly lower on 13 April than on 11 May (P Ͻ 0.0001) and 8 June (P Ͻ 0.0001; Fig. 5 ). Macropterous thrips abundance was not signiÞcantly different across sampling dates within a season in spring 2008 (Fig. 5) .
In both summer 2006 and 2007, the number of brachypterous thrips increased numerically from July to September (Figs. 4 and 5 ), but this difference was only signiÞcant in 2007. SigniÞcantly fewer brachypterous thrips were recovered on 13 July than on 10 August (P Ͻ 0.0001) and 7 September (P Ͻ 0.0001). Brachypterous thrips abundance was not signiÞcantly different across sampling dates within a season in spring 2007 or 2008. In the summer of 2006 and 2007, larval abundance levels paralleled those of brachypterous thrips (i.e., they were not signiÞcantly different; Figs. 4 and 5) . However, larval abundance differed signiÞcantly from brachypterous thrips in spring 2007 and 2008. In summer 2006, signiÞcantly more larvae were recovered as the growing season progressed. Likewise, in summer 2007, signiÞcantly more larvae were found on 7 September than on 13 July (P Ͻ 0.0001). In 2007, significantly fewer larvae were recovered on 11 May than on 13 April (P Ͻ 0.001), and more larvae were recovered on 8 June than on 11 May (P Ͻ 0.0001). In 2008, larval abundance was not signiÞcantly different across sampling dates within a season.
Diurnal Changes of Thrips Form Abundance. Although there were signiÞcant interactions with time of day that samples were taken (thrips form ϫ time of day), these were only signiÞcant in summer 2006 and spring 2007. However, after TukeyÕs honestly signiÞ-cant difference test values were obtained, there were no signiÞcant differences in summer 2006 (Fig. 4) . In contrast, more macropterous thrips were recovered at 8:00 compared with 16:00 in spring 2007 (P Ͻ 0.01; Fig. 5) .
Sticky Cards as a Measure of Dispersal. Most thrips recovered on sticky cards in timothy were macropterous, which is the dispersal form of this species. Thrips abundance was signiÞcantly different on sticky cards in 2006 Ð2008 (Figs. 1Ð3) . Overall, signiÞcantly more thrips were captured on sticky cards in both spring and summer as the growing season progressed. The only exception was in summer 2006, when there were signiÞcantly fewer thrips recorded on sticky cards at 16:00 on 9 September than on 12 July (P Ͻ 0.001). Moreover, more thrips were generally captured on sticky cards earlier in the day, although thrips abundance in summer 2006 was not signiÞcantly different among sampling times of day.
Discussion
Based on three years of data, the main thrips species in these studies was A. obscurus. A. obscurus is a polyphagous feeder found on plants in the family Gramineae (Kö ppä 1967 (Kö ppä , 1970 . In contrast, F. occidentalis has been recorded from almost 60 plant families, including Poaceae (Toapanta et al. 1996) , although not all of these are reproductive hosts (Reitz 2009 ). Based on the relative low abundance of F. occidentalis presented in this study, timothy may be a poor quality reproductive host or a nonhost source of refuge, nutrients, etc.
Moreover, seasonal variation can also affect abundance of many arthropods (Snodgrass 1993) , including thrips (MacIntyre-Allen et al. 2005, Pearsall and Myers 2000) . Results from this study were similar. With numbers obtained from absolute sampling methods, thrips abundance varied temporally within a single day and seasonally. The seasonal inßuence and time of day inßuence on mean total thrips abundance were generally parallel among absolute methods (direct observation, beat cup, and tiller washing). Thrips abundance per tiller varied slightly among these methods, with the most thrips found by direct observation. However, the relative number of thrips found per tiller among the absolute methods was comparable across seasonal date and sampling time of day, with one exception. Additionally, the number of thrips per tiller recorded at any time within a given day was the same within each absolute method, with one exception. This exception was using the beat cup method on 13 April. Abundance, as measured by the beat cup method, was different from that measured using direct observations on 13 April 2007 at 8:00. Furthermore, signiÞcantly fewer thrips were recorded using the beat cup method on this date at 8:00 than later in the same day at 12:00 and 16:00 using the same method. The timothy was exceptionally wet on this morning, as a result of light early morning precipitation (0.5 mm), and the leaves began to dry by midday. This was the only sampling date when precipitation was noticeable, although sampling was often done when dew was present in the morning. As a result, the low number of thrips found using the beat cup in the morning on 13 April and the inconsistency between direct observations and the beat cup method on this date and time of the day were most likely attributable to thrips adhering to the leaves and not dislodging into the beat cup. Without the sampling data from this date and time of day, abundance estimated using the beat cup method was as consistent as the other absolute methods tested. Furthermore, it was signiÞcantly faster to sample thrips using the beat cup method than directly observing thrips on tillers.
A relative method may not provide an accurate estimation of the true population mean, but it may provide a precise estimation of a population mean that can be correlated with the true population mean. In this study, abundance estimated using the relative methods (sweep net and sticky card) was highly variable, in contrast to that estimated using absolute meth- ods. Wade et al. (2006) documented similar results using a relative sampling method, and they found that the temporal variability of the sampling method was taxon dependent. In the study and system presented in this work, relative methods were highly variable over time and were not useful to accurately sample thrips in timothy. In contrast, the absolute methods were less variable than the relative methods and were useful to detect changes in thrips density over time.
Time required for sampling was measured for direct observations and the beat cup method. The beat cup method was a signiÞcantly faster sampling method. The other absolute method, tiller washing, is not practical for sampling use by producers because thrips densities cannot be assessed immediately. Also, tiller washing is a time-intensive process because it involves collecting and washing tillers, followed by counting the recovered thrips under a stereoscope. In contrast, only the tiller collection and thrips counting steps are required for the beat cup and direct observation methods. The beat cup method was the fastest absolute sampling method and was consistent over season and time of day.
Population abundance was estimated differently depending on the type of sampling method. For example, sticky cards almost exclusively captured macropterous thrips. When more macropters were recovered using the washing method, relative population abundance estimated using sticky cards appeared higher, although relative population abundance was not higher as estimated from other sampling methods.
Thrips abundance, estimated using sticky cards, remained relatively constant in the spring and early summer, but greater numbers of thrips were caught on sticky cards in the late summer. However, thrips abundance estimated using absolute methods was not correlated with wing phenotype. As a result, population abundance estimated using the relative sticky card method was dependent on diel and seasonal effects, as well as adult morphological form. Interestingly, production of the winged morphological form of A. obscurus is correlated with day length (Kamm 1972 , Kö ppä 1970 , which is a seasonal effect. Pest biology considerations, such as life cycle and predominating morphological forms, should go into forming a sampling plan for any pest (e.g., is the population predominately immobile larva, highly mobile adults, or a multivoltine mixed population?). A relative sampling method that relies on pest movement is dependent on the condition of the environment, which affects insect migration (Roff and Fairbain 2007 and references therein) . This study highlights the potential importance of reÞning sampling efforts to reßect the current environment and pest biology.
Dispersal of macropterous individuals was inferred by comparing different morphological forms from the wash data with the abundance of thrips on sticky cards. Although the number of macropterous individuals caught on sticky cards was higher in both the summer of 2006 and 2007 than in the summer of 2008, the number of macropterous individuals recovered from the tiller washes decreased or remained constant from the spring and summer in both years. In contrast, brachypterous thrips abundance remained constant in the spring, but increased in the summer. Thus, macropterous forms remain in timothy throughout the spring and summer. Furthermore, macropterous forms may disperse in the summer and thrips may overwinter as brachypterous forms in the Þeld. This was corroborated by Þndings by Kö ppä (1970) and Kamm (1972) , and observations and sampling done in the winter, when brachypterous individuals are almost exclusively found in timothy (D.D.R., unpublished data; Reisig et al. 2009b) .
Thrips aerially disperse in timothy during the morning or midday, because more thrips were caught with sticky cards at 8:00 and/or 12:00 in spring and summer 2007 and spring 2008. Low light intensity reduces takeoff 1Ð2 h before sunset (Lewis 1973) . At 20:00, sticky cards placed at 16:00 were removed, which meant that the sun had set by the time the sticky cards were removed on the last sampling date in the summer and the Þrst sampling date in the spring. Thrips ßights are also affected by temperature and wind speed (Lewis 1997, Ben-Yakir and Chen 2008) . Conditions in the summer of the Fall River Valley were similar to those of Ben-Yakir and ChenÕs (2008) study, in which wind speeds are high enough from the late morning and early evening to reduce thrips ßights. They found fewer thrips on sticky cards in the afternoon and evening, similar to the results presented in this work. Consequently, thrips probably reduced ßight activity in the afternoon and evening on these dates. Environmental conditions most likely affected the morphological form of the thrips and their ßight propensity.
Relative methods were more temporally variable than absolute sampling methods. The relative sticky card method was also correlated with morphological form. Thrips abundance estimated among the absolute methods was different, but relative changes of population abundance were estimated equivalently. Sampling with the beat cup method was consistent, provided signiÞcant time savings, and was easy to use. This should be recommended as a viable sampling method for assessing thrips populations in timothy. However, it should be noted that this method was not useful under wet conditions and it should only be used when conditions are dry. These studies corroborate the observations by Kamm (1972) that more macropterous thrips progeny are produced in late spring and summer than in early spring and summer. Most dispersal of these macropterous thrips occurs in the morning and midday during the summer. Finally, although temporal and spatial factors often are involved in sampling design, environment conditions and pest biology can have a marked effect on population abundances estimated by sampling methods considered absolute, as well as relative.
